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Process for polymerizing olefins. 



(57) A catalyst comprising a metallocene compound in the IVB group and an alumoxane compound is 
improved to alter an alumoxane compound with an inexpensive organoaluminum compound while 
polymerization activity is maintained at a high level, wherein a process for polymerizing an olefin with a 
catalyst comprising a metallocene compound in the IVB group and an organoaluminum compound and 
a magnesium halide having reducing ability and solubilized is disclosed. Pofyolefins are obtainable in a 
low price and a high yield with the use of a conventional organoaluminum compound. 



CO 

m 



0. 
ui 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



K 



EP0 576213 A2 
The present invention relates to a process for polymerizing olefins. 

Specifically, the present invention relates to an Improved process for polymerizing an olefin wherein a nov- 
el combination of catalyst components is used whereby olefin polymers are produced with a reduced amount 
of an organoaluminum component for the catalyst. 

5 Hitherto, a catalyst comprising a transition metal compound of the I VB group combined with a methylalu- 
moxane which is an oligomeric organoaluminum compound has been called a "Kamminsky type catalyst", and 
it is known that polymerization can be conducted by the use of this catalyst wit h a high activity (Japanese Patent 
Laid-Open Publication Nos. 19309/1983 and 35007/1 985). While the process for polymerizing an olefin with 
the catalyst system exhibited several Industrially useful characteristics such as good copolymerizabilfty, con- 

w trollability of stereoregularity by a ligand in the transition metal compound, and narrow molecular weight dis- 
tribution of a resulting polymer, it was disadvantageous in that the catalyst scarcely exhibits activity without 
the use as a co-catalyst of a large amount of a methytalumoxane which is an expensive organoaluminum com- 
pound. 

A variety of proposals have been made for the purpose of solving this problem. 

15 For example, a method for polymerizing an olefin in the absence of an organoaluminum component by 
over a transition metal compound of the IVB group with a tetravalent boron compound anion whereby a cation 
of the metal such as a Zr cation species is generated has been proposed (J. Am. Chem. Sec, (1986), 108 . 
741 0; ibid., (1989), 111, 2728). Another method proposes the use of a metallocene compound of the IVB group, 
trimethylaluminum and dimethylaluminum fluoride combined (MacromoJecules, (1989), 22, 2186). Another 

20 method proposes the use of a ziroonocene compound, a dialkylmagnesium compound and an organoaluminum 
halide combined (Japanese Patent Laid-Open Publication No. 290408/1991). Still another method proposes 
the use of a neutral metallocene compound, an alky! aluminum and a Lewis acid such as 
tris(pentaf luorophenyl)boron or magnesium chloride combined (Japanese Patent Laid-Open Publication No. 
1 79005/1991). A further method for polymerizing an olefin comprises the use of a zirconocene compound sup- 

25 plied on a carrier such as Mg0 2 or AI 2 0 3 that has been preliminarily treated with a trialkylaluminum combined 
with the compound with trialkylaluminum (Makromol. Chem. Rapid Commun., (1991), 12, 373). 

While such catalyst systems may realize t he reduction of activator cost by the use of an ordinary alky! alu- 
minum compound in place of an expensive methytalumoxane, they still have a problem in that the activity per 
transition metal decreases extensively. Particularly, the catalyst which has poor polymerization activity of the 

30 a-olef in has a problem for practical use. 

In consideration of the above described situation, an object of the present invention is to provide an im- 
proved process for polymerizing an olefin, wherein a polyolef in having a good quality can be prepared in the 
presence of an inexpensive activator by combining catalyst components in a novel mode. 

35 SUMMARY OF THE INVENTION 

The present invention provides a process for polymerizing olefins which comprises containing an a-olef in 
having 2-1 2 carbon atoms with a catalyst comprising the following catalyst Components (A), (B) and (C) t hereby 
to polymerize the a-olef in: 

40 Component (A), which is a transition metal compound of the IVB group of the Periodic Table having at least 
one substituted or non-substituted cyclopentadienyl group as a ligand, 
Component (B), which is an organoaluminum compound, and 

Component (C), which is a magnesium halide compound in a liquid state having no reducing activity. 

According to the present invention, an expensive alumoxane compound can be eliminated by improving 
45 a Kamminsky type catalyst by combining catalyst components in a novel mode, and a polyolef in having a con- 
trolled molecular weight distribution can be produced with the combination of catalyst components having high 
activity in the presence of a less expensive activator. 

DETAILED DESCRIPTION OF THE INVENTION 

50 

[Catalyst] 

The catalyst hereof comprises the Components (A), (B) and (C). The term "comprise" herein includes, in 
addition to a case which consists only of the indicated components (A, B and C), a case which contains an 
55 auxiliary component such as an electron donor compound. 
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<Component (A)> 



The Component (A) is a transition metal compound of the IVB group having at least one cydopentadienyl 
5 group, which may be substituted or non-substituted, as a iigand. 
This compound is represented by the general formula: 

(R^-CpMRVCp^MQi^ P] 
wherein Cp represents a cydopentadienyt group. R 1 and R 2 are substituent groups, which may be on a cydo- 
pentadienyt group, and represent a hydrocarbyl group having 1-12 carbon atoms or a silicon group containing 
10 a hydrocarbyl group having 1-12 carbon atoms, h and i denote Independently an integer of 0 to 5, whereby the 
cydopentadienyt group Cp is non-substituted when h and i are 0. The cydopentadienyl group Cp has a sub- 
stituent group R 1 and/or R 2 when h and i are natural numbers. If R 1 and R 2 are present in plurality, two of them 
may or may not be bonded at t he © position or at t heir free terminus to form a ring fused with cydopentadienyl 
group. Thus, R 1 h -Cp and R^Cp indude a substituted or non-substituted cydopentadienyl group, a fluorenyt 
15 group and an indenyi group. 

More particularly, where the Iigand R VCp is a fluorenyt group where two pairs of R 1 s each form aromatic 
six-membered rings fused wtth the cydopentadienyl group Cp to which the R 1 s are bonded, the sde site re- 
maining unsubstituted in the cydopentadienyl group may or may not be substituted further with a substituent 
R 1 , and each of the aromatic rings fused with the cydopentadienyl group to form the fluorenyt group, in turn, 
20 may or may not be substituted with a hydrocarbyl group of 1 to 8 carbon atoms, which may come from the 
remainder of R 1 after it has been used for forming the fused 6-membered ring, in an amount up to 4, This applies 
to the Iigand R^p also. 

When the iigand R 1 h -Cp is an indenyi group where one pair of R 1 forms an aromatic/six-membered ring 
fused with the cydopentadienyl group, the 5-membered ring of the Indenyi group has 3 sites remaining avail- 
25 able for substitution can thus be substituted with the R 1 in an amount up to 3, and the six-membered ring fused 
with the cydopentadienyl group to form the indenyi group can be substituted with a hydrocarbyl substituent 
of 1 to 8 carbon atoms in an amount up to 4. This again applies to the Iigand R^Cp also. 

R 1 and R 2 may or may not be bonded to each other at their <o position or their free terminus to form a cross- 
linked cydopentadienyl Iigand in which R^-Cp and R 2 r Cp are bonded together, k represents an integer of 0, 
30 1 or 2, and j represents an integer of 1 or 2. 

More particularly, the llgands R 1 h -Cp and R 2 r Cp can be crosslinked to each other to form crosslinked cy- 
dopentadienyl ligands. The crosslinking group, or bridge, is made of -R'-R 2 -, but it is to be understood that 
when R 1 and R 2 are bonded at their <d- or free terminus to form the bridge -R'-R 2 - the shortest chain length 
is one atom, namely carbon or silicon, irrespective of the definition of the R 1 and R 2 given hereinabove, the 
35 preferable chain length of the bridge being one or two atoms. 
Examples of the bridge thus indude 



r r 

-HC-h a and -esi^- a 
R M R" 

45 where R' and R" each indicate a hydrogen atom or a C^ alky! and a is 1 or 2, typical examples being methy- 
lene, -CIV. tsopropylidene, 



CH* 

i 

r 

CH 3 

55 and ethylene, -CH 2 CrV, and sitylene, -SirV. and dimethyls ilylene, 
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CH, 
I 

T' 

CH^ 



isopropylidene, ethylene and dimethytsilylene being preferred. 

10 The Hgands R 1 h -Cp and RVCp. on the other hand and as described hereinabove, are, for example, cyclo- 
pentadienyl, indeneyl fluorenyl or tetrahydroindenyt, which may or may not be substituted with R 1 and/or R 2 
which have not been used for forming the fused rings also for forming the bridge, and, when the ligands form 
crosslinked cyclopentadienyi ligands, the ligands R 1 h -Cp and RVCp which may be the same or different in an 
amount preferably of 2, namely j = k = 1 or j + k = 2 in the general formula p] given hereinabove, are crosslinked 

15 through a bridge -R^R 2 -. 

Particular examples of crosslinked cyclopentadienyi ligands thus include ethytenebis(cyclopentadiene) v 
isopropylidenebis(cydopentBdiene) and dimethylsilylenebis(cydopentadiene), which may or may not have the 
substituent R 1 and/or R 2 each in an amount up to 4, and ethylenebis(indene), isopropylidene bis(indene) ? di- 
methylsily!enebis(indene), ethylenebis(tetrahydroindene), isopropylidenebis(tetrahydroindene), and dimethyl- 

20 silylenebis(tetrahydroindene), which may or may not have the substituent R 1 and/or R 2 on the 5-membered 
ring in the indenyl or tetrahydroindenyl group or a hydrocarbyl substihient of 1 to 8 carbon atoms on the 6- 
membered ring in the indenyl or tetrahydroindenyl group in an amount each up to 4. 
M represents a transition metal selected from Ti, Zr, and Hf in the IVB group. 

Q 1 and Q 2 independently represent a hydrogen atom, a hydrocarbyl group having 1-12 carbon atoms, a 
25 silicon-substituted hydrocarbyl group having a hydrocarbyl moiety of 1-12 carbon atoms, a halogen atom, a 
hydrocarbyfoxy group having a hydrocarbyl moiety of 1-12 carbon atoms, or an amide group having a hydro- 
carbyl moiety of 1-12 carbon atoms. In this connection, Q 1 and RVCp or Q 2 and RVCp may or may not be 
bonded to each other! 

More particularly, Q 1 which is bonded with the metal M can be bonded with the ligand R 1 h -Cp at ehe o> 
30 or free terminus of Q 1 depending on the nature of Q 1 , and when Q 1 is bonded with the ligand RVCp, it is pre- 
ferable that m is 1, J is 1, k is 0 and n is 2 in the general formula [Q and that Q 1 is bonded with the ligand RV- 
Cp at the substituent R 1 , where the substituent R 1 linking Q 1 and Cp is preferably a dimethytsilylene. Particular 
examples of (R 1 h -Cp) i (R 2 rCp)| C Q 1 ro where Q 1 is bonded with RVCp include dimethylsflylene(cydopentadie- 
nyl)alkylamido and dimethylsilyiene(indenyl)aJkylamido. This applies to the combination of R 2 and RVCp. 
38 Q 1 and Q 2 may or may not be bonded to each other, m and n represent independently an integer of 0 to 
3, and J+k+m+n = 4. 

Preferable compounds of the general formula [Q are those of the formula where j + kis2, m + nis2orj 
Is 1 , k is 0, m is 1 and n is 2. More preferable compounds are (A) those of the formula [Q where j + k is 2 and 
m + n is 2 and (i) where the (R VCp), and the (RVCph are each indene or tetrahydroindene having 0 to 2 alkyl 

40 groups of 1 to 4 carbon atoms as a substituent and are crosslinked each other through an ethylene or dime- 
thylsilylene group, or (ii) where the (R 1 h -Cp)j is a cyclopentadiene and the (RVCp)* is 9-f luorene, or vice versa, 
having 0 to 5 alkyl groups of 1 to 4 carbon atoms as a substihient and are crosslinked each other through an 
isopropylidene group; and are (B) those of the formula 0] where j is 1 , k is 0 and m is 1 and where (R VCpJ^RV 
CplkQV is dimethylsiiylerte(cyctopentadiene) Gm 2 alkylamido. 

46 The non-limiting specific examples of the transition metal compounds of the IVB group include: 

(1) Bicydopentadienyiziroonium dichloride, 

(2) Biscydopentadienylzirconiurn dimethyl, 

(3) Biscydopentadienylzirconiurn isobutyl, 

(4) Biscydopentadienylzirconium dihydride, 

so (5) Biscydopentadienyizirconiurn chloride hydride, 

(6) Biscydopentadienylzirconium diphenyl, 

(7) Biscydopentadienytzirconium dimethoxide, 

(8) Bis(methylcydopentadienyl)zirconium dichloride, 

(9) Bis(ethylcydopentadienyl)zirconium dichloride, 
55 (10) Bis(rt-butytcydopentadienyl)zirconium dichloride, 

(11) Bis(t-butytcyclopentadienyl)zirconium dichloride, 

(12) Bis(cydohexylcydopentadienyl) zirconium dichloride, 

(13) Bis(trirr^hyl8llylcydopentadierfy0zirconium dichloride, 
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(14) Bis(phenylcydopentadtenyl)ziitx>nium dichloride, 

(15) Bls(dimethylcydopentadienyi)zirconium dichloride, 

(16) Bis(trimethylcydopentadienyl)zirooniurn dichloride, 

(17) Bis(t8tramethylcydopentadienyl)zirconium dichloride, 

(18) Bis(indenyl)zirconium dichloride, 

(19) (C^dopentadienyi)(pentamethylcydopentadienyl)zirconium dichloride, 

(20) (Cydopentadlenyf)(rnethylcydopentadienyl)zlrconium dichloride, 

(21) Methylenebis(indenyl)zirconium dichloride, 

(22) lsopropyfidenebis(indenyl)zlroonlum dichloride, 

(23) Ethylenebis(indenyt)zirconium dichloride, 

(24) Ethylenebis(4,5,e f 7-tBtrahydroindenyl)zirconium dichloride, 

(25) Eth^enebis(2-methylinderryQzirconium dichloride, 

(26) Ethytenebis(3-methylindenyt)zirconium dichloride, 

(27) Ethylenebis(4-methylindenyl)zirconiurn dichloride, 

(28) Ethylenebi8(2,3-dimethylindenyl)zirconhjm dichloride, 

(29) Ethy1enebis(2,4-dimethytindenyl)zirconhjm dichloride, 

(30) Ethylenebis(4,7-dimethylindenyl)zirconium dichloride, 

(31) Ethylenebis(2 f 4-dimethyt-4,5,6,7-tetrahydroindenyl)zirconium dichloride, 

(32) Dimethyls3ylenebis(indenyl)zirconium dichloride, 

(33) Dimethylsiylenebis(4,5,6,7>tetrahydroindenyi)zirconiurn dichloride, 

(34) Dlmethyteflylenebis(2-methyiindenyl)zirconlum dichloride, 

(35) Dimethylsflylenebis(3-methylindenyt)zirconium dichloride, 

(36) Dtrnethyfsfly1enebis{2,4-dlrnethylindenyl)zlrconiijrn dichloride, 

(37) Dimet hyis0ylenebis(2-methy1-4-isopropyiindenyl)zirconium dichloride, 

(38) Dimethytelylenebls(2-inethyl^tBrt-butylindenyl)zinx}nium dichloride, 

(39) Dimet hyls3ylenebis(2-ethylindenyl)zirconium dichloride, 

(40) Dimet hylsflylenebis(tetramethylcydopentadienyi)zirt»niurn dichloride, 

(41) Dimet hyis0ylenebis(2,4-dimethyi-4,5,6 J-tetrahydroindenyi)zirconium dichloride, 

(42) Dimethytsflylenebi8(rnethylcycloperitadienyi)zirconium dichloride, 

(43) Dlmethylsflylenebis(dlmethylcyclopentadlenyl)zlrconlum dichloride, 

(44) Dimethylsiylenebis(t-butylcydopentadienyl)zirconium dichloride, 

(45) Dimet hylsflylenebis(t-butylmethylcydopentadlenyl)zirconlum dichloride, 

(46) Dimethyfsiylenebi$(trimeth^ dichloride, 

(47) Diphenylsilyienebis(indenyl)zlrooniurn dichloride, 

(48) DiphenyisQy1enebis(4,5,6,7-tetrahydroindenyf)zirconium dichloride, 

(49) lsopropytidene(cydopentadienyl)(tetramethyl<^dopentadienyl)zirconiurn dichloride, 

(50) lsopropylidene(cydoperrtadienyl)(dlmethyl<^ctopentadienyl)zlrconiurn dichloride, 

(51) lsopropylidene(cydopentadienyl)(indenyl)zirconium dichloride, 

(52) lsopropylidene(cydopentadienyl)(9-f iuorenyl)zirconlum dichloride, 

(53) lsopropyiidene(metr^lcydopentadienyi)(9-fluorenyl)zirconium dichloride, 

(54) Diphenylmethyiene(c7clopentadienyl)(9-fluonBnyl)zirconium dichloride, 

(55) Cydohexylidene(cydopentadienyl)(9-f luorenyl)zirconium dichloride, 

(56) Dimethylsflylene(cydopentadienylK9-f luorenyl)zirconium dichloride, 

(57) Diphenylsilylene(cydopentadieny1)(Mluorenyl)zirconium dichloride, 

(58) Cydopentadienylzirconium bichloride, 

(59) Pentamethyl cydopentadienylzirconium trichloride, 

(60) Cydopentadienylzirconium trimethyl, 

(61) Cydopentadienylzirconium bibenzyl, 

(62) Cydopentadienytzirconium triethoxide, 

(63) Cydopentadienytzirconium triphenoxide, 

(64) Cydopentadienylzirconium methyl dichloride, 

(65) Cydopentadienytzirconium tris(trimethyisiiylrrtethyi), 

(66) Cydopentadienytzirconium tris(dimethylamide), 

(67) Indenylzirconium trichloride, 

(68) Methylene(tetrBmetriyicydopentadienyl)(t-butylamido)zirconium dichloride, 

(69) Ethylene(tetramethylcydopentadienyi)(t-butylamido)zirconium dichloride, 

(70) Ethylene(tetramethylcydopentadienyl)(methylamido)zirconium dichloride, 

(71) DlmethylsOylene(tetramethylcydopentadlenyl)(t-butylamido)zirconium dichloride, 
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(72) T6tramethyldi6i!ylene(tetFamethy^ dichioride, 

(73) Dimethyt8flylene(tetram6thylcydopentadienyt)(pheny1amkio)zlrconium dichloride, 

(74) Dimethytsiylene(indenyO(t-butylamido)zirconium dichloride, 

5 (75) Dimethylsayiene(9-fluoreny1)(t-butylamido)zirconium dichloride, and 

(76) titanium or hafnium compounds thereof. 

Among these compounds, the compounds having cyclopentadienyl Hgands crosslinked or bridged by a 
alkyiene or lower (d^) alkyl-substftuted or non-substituted mono or oligosilylene are preferred. More pre- 
ferable compounds are those having crosslinked through a bridge which is ethylene, isopropylidene or dime- 
*o thyisifytene group. The compounds in which Q 1 or Q 2 represents independently CI or methyl are preferred. More 
preferable are those where Q 1 or Q 2 is CI. 

<Component (B)> 

15 Component (B) is an organoaluminum compound. The preferable compounds are represented by the fol- 
lowing general formula: 

RqATrYq 

(wherein R represents hydrocarbyl group having 1-12 carbon atoms, Y represents halogen, oxygen, a hydride, 
an aikoxyl group having 1-12 carbon atoms, or an aryloxy group having 6-12 carbon atoms, q denotes a number 

20 defined as 0 < q £ 3) 

Specific examples of these compounds are a trialkyfaluminum such as trimethylaluminum, triethylalumP 
num. triisopropyialuminum, triisobutylaluminum and tri-n-hexytaluminum; a trialkenylaluminum such as triiso- 
prenyialuminum; an alkylaluminum halide such as diethylaluminum chloride and ethytaiuminum sesquichlor- 
ide, an alumoxane preferably a lower alky) alumoxane, such as methylalumoxane, ethyialumoxane and iso- 

25 butytalumoxane; an alkylaluminum hydride such as diethylaluminum hydride and diisobutyf aluminum hydride; 
an alkylaluminum alkoxide such as diethylaluminum ethoxide, diethylaluminum butoxide and diisobutylaJumi- 
num ethoxide; and an alkylaluminum phenoxide such as diethylaluminum phenoxide and dusobutylaluminum 
phenoxide. 

These organoaluminum compounds may be used alone or in combination thereof. 
30 Among these compounds, the trlalkylalumlnum compounds, the halogenated aluminum compounds and 
the alumoxane compounds are preferred. More preferred are the triaikylaluminum compound having an alkyl 
group with 2 to 6 carbon atoms. 

<Component (C)> 

35 

Component (C) is a magnesium halide compound in a liquid state, having no reducing activity. More par- 
ticularly, the magnesium halide compound is liquid as it is or is liquefied, and the magnesium halide compound 
has no reducing activity when it is in a liquid stats. When magnesium halide compound is in a liquid state by 
being liquefied, the magnesium halide compound may be one which has no reducing activity. 
40 First of all, a magnesium halide compound having no reducing activity is a compound having no Mg-C bond- 
ing or Mg-H bonding and having at least one Mg-X bonding, wherein X represents a halogen atom. The mag- 
nesium compounds having no reducing activity may or may not be one derived from a magnesium compound 
having a reducing activity. 

Examples of the magnesium compounds are magnesium dihalide such as magnesium chloride, magne- 
45 slum bromide and magnesium iodide; an alkoxymagnesium halide such as methoxymagnesium chloride, 
ethoxymagnesium chloride, and butoxymagneslum chloride; and aryloxymagneslum halide such as phenox- 
ymagnesium chloride and cresoxymagnesium chloride. These magnesium compounds can be in a form of a 
complex compound or a mixture with another metal compound. 

Among these compounds, a magnesium dihalide, above all magnesium chloride, is preferred. 
so These magnesium compounds in the liquid state is obtained by combining the magnesium compound with 
an electron donor compound. As the electron donor compound which sdubilizes a non-reducing magnesium 
compound, there can be mentioned, for example, (a) an alcohol (including an ether alcohol) having 1 to 18 
carbon atoms such as methanol, ethanol, propanol, butanol, octanol, 2-ethythexanoi, decanoi, cyclohexanoi, 
benzyl alcohol, n-butyl cellosotve and ethylene glycol; (b) a mono- or dicarboxyf ic acid having 6 to 8 carbon 
55 atoms such as caprylic acid and 2-ethyihexanoic acid; (c) an aldehyde having 6 to 8 carbon atoms such as 
capryl aldehyde and 2-ethyihexyl aldehyde; (d) an ether having 2 to 1 2 carbon atoms such as e pichlorohydrin 
and tetrahydrofuran; (e) an amine having 6 to 18 carbon atoms such as heptyiamine and 2-ethyl he xyl amine; 
(f) a phosphate ester and a phosphite ester such as tributyi phosphate and tributyl phosphite; and (g) an Inor- 
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ganic acid ester such as tri-sec-butoxide and tetrabuty) titanate. These electron donor compounds may be used 
alone or in combination. The other electron donors can be used in order to increase the solubility. 

Among these electron donor compounds, an alcohol and an ether are preferred. More preferred ones are 
5 monohydric alcohols having 4 to 1 2 carbon atoms. 

On preparing a magnesium compound in a liquid state by combining a magnesium compound having no 
reducing activity with an electron donor, a hydrocarbon solvent can also be used. In such cases, an aliphatic 
hydrocarbon solvent such as pentane, hexane, heptane, octane, decane and n-paraff in, an alicyciic hydrocar- 
bon solvent such as cyclohexane and methylcyclohexane, and an aromatic hydrocarbon solvent such as ben- 
10 zene, toluene, xylene and ethylbenzene can be used. 

While the conditions for preparing manufacturing the magnesium compound in a liquid state depend on 
the types and amounts of solvents used, the types of the magnesium compounds and the types of the electron 
donor compounds, the solubilization of the magnesium compound is usually conducted by stirring preferably 
0.5-20 mole, more preferably 1-6 mole of the electric donor compound per mole of the magnesium compound, 
15 and 0-500 cc, more preferably 1-100 cc of the solvent per g of the magnesium compound at a temperature In 
the range of 0°C to 300°C, preferably from room temperature to 1 80°C for about 30 minutes to about 2 hours. 

Particularly preferred magnesium compounds for use as Component (C) are those prepared from mag- 
nesium dichloride as the magnesium compound and monohydric alcohol of 4 to 1 2 carbon atoms as the electron 
donor compound used in a proportion of 1 to 6 moles of the electron donor compound per mole of the mag- 
20 nesium compound thereby to liquefy the magnesium compound. 

As for the proportions between catalyst Components (A)-{C), which are nonlimiting within the range where 
the effect of the present invention can be recognized, the atomic ratio of Al In the Component (B) to a transition 
metai M in the Component (A) (Al/M) has preferably a value in the range of 1-10000, preferably 1 to 5,000, 
more preferably 5 to 1,500, more preferably 5-500, and an atomic ratio of a magnesium component in compo- 
25 nent (C) to M in component (A) (Mg/M) has a value preferably in the range of 1-2000, more preferably 5-500, 
still more preferably 10 to 200. The molar ratio of (an organoaluminum component in the component (B)) to 
(an electron donor compound in the component (C)) is in the range of 1-200, more preferably 1 .2-50, still more 
preferably 1.4 to 20. 

While the catalyst Components (A)-(C) may be introduced directly into a polymerization reactor separately 
30 in any sequence, it is preferable to contact the Component (B) with the Component (C) with which the Com- 
ponent (A) is then contacted. 

Polymerization] 

35 The monomer to be polymerized with the use of the catalyst of the present invention is an a-def in having 
2-12 carbon atoms. Specific examples are ethylene, propylene, 1-butene, 1-pentene, 3-methylbutene-1, 1- 
hexene, 4-methylpentene-1, 1 -octane, and 1-decene. These monomers can be polymerized alone or in com- 
bination of the two or more thereof. These monomers can also be combined with a diolef In and cycloolefln 
such as 1,4-pentadiene, 1,5-hexadiene, 7-methyl-1,7-octadiene, cydopentene and cyclopentene. 

40 The polymerization can be carried out by any one of the well-known processes in a liquid phase, a gaseous 
phase or a high-pressure homogeneous phase. These processes may be adopted alone or in series. 

When the catalyst is used, an aromatic hydrocarbon solvent such as benzene, toluene or xylene, aliphatic 
hydrocarbon solvent such as n-pentane, rv-hexane, n-heptane and rvparaff in, an alicyciic hydrocarbon solvent 
such as cyclohexane or methylcydopentane, as well as a monomer itself such as propylene or 1-hexene can 

46 be applied. 

The polymerization temperature is in the range of -20°C to 260°C, preferably 40 to 220°C, and the poly- 
merization pressure Is selected appropriately within the range from atmospheric pressure to 2,000 kg/cm^G. 
Polymerization time depends on the process adopted, although it is appropriately selected between 10 sec- 
onds to 12 hours. 

so A molecular weight modifier can be used for polymerization. Typically, a product having a lower molecular 
weight can be produced with the use of hydrogen gas. 

EXAMPLES 

55 [Example 1] 

(1) Preparation of a magnesium compound in liquid state 

Into a 200-ml glass flask which had been dried and thoroughly purged with N 2 was introduced 1.78 g of 
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anhydrous magnesium chloride. Next, 20 ml of n-decane and 6.1 ml of 2-ethylhexanol were introduced and 
stirred for 90 minutes at 120*C to give a homogeneous solution of magnesium chloride. 

5 (2) Polymerization 

To a 1 -liter autoclave equipped with a stirring blade which had preliminarily been thoroughly dried and 
purged with ethylene was introduced 300 ml of purified toluene. The aforementioned magnesium chloride In 
the liquid state in a mixed solution of 2-ethyl hexanol/decane was next introduced in an amount of 1.0 mmole 

10 on the basis of a magnesium atom followed by triethylaluminum in an amount of 4.0 mmole. Next, 0.0055 mmole 
of ethylenebis(4,5 l 6,7-tetrahydroindenyl)zjrconium dichloride was introduced, and ethylene was introduced to 
ensure that the ethylene pressure in the polymerization vessel was maintained at 5 kg/cm 2 G for conducting 
polymerization operations at 60°C for 2 hours. 

Polyethylene, which had a number average molecular weight Mn of 0.260 * 1 0 6 and Mw a weight average 

15 molecular weight of 0.932 x 1 0 5 and a molecular weight distribution of Q (Mw/Mn) of 3.59, was obtained in a 
yield of 4.8 g. 

[Comparative Example 1] 

20 Example 1 was repeated except that a suspension in toluene of magnesium chloride, which had been pre- 
liminarily activated for 40 hours in a 1-liter ball mil with a baH having a diameter of 12.7 mm at an amplitude 
vibration of 5 mm and a motor speed of 2,000 rpm, was used in an amount of 1 mmole on the basis of a mag- 
nesium atom in place of the mixed solution of magnesium chloride in a 2-ethyl hexanol/decane in Example 1. 
Table 1 shows the results. 

25 

[Comparative Example 2] 

Example 1 was repeated except that 2-ethyl hexanoi was used in an amount of 2.0 mmole in place of the 
mixed solution of magnesium chloride in 2-ethyl hexanol/decane in Example 1. 
30 However, polymers were not obtained. 

[Example 2] 

Example 1 was repeated except that triisobutylaluminum was used in an amount of 4.0 mmole in place of 
35 the triethylaluminum in Example 1. 
Table 1 shows the results. 

[Example 3] 

40 Example 2 was repeated except that the polymerization solvent in Example 2 was replaced by heptane 
and ethylenebis(4,5,6 J-tetrahydrandenyl)zirconium chloride was used in an amount of 0.0274 mmole. 
Table 1 shows the results. 

[Example 4] 

46 

Example 1 was repeated except that ethylenebis(4 f 5 > 6,7-tetrahydroindenyl)zirconium dichloride in Exam- 
ple 1 was replaced by 0.0055 mmole of bis(pentamethyicyclopentadienyi)zb-conium chloride. 
Table 1 shows the results. 

50 [Example 5] 

(1) Preparation of the magnesium compound in liquid state 

To a 200-ml glass flask which had preliminarily been fully dried and thoroughly purged with N 2 was intro- 
55 duced 1 .23 g of anhydrous magnesium chloride. Then, 20 ml of n-decane and 4.7 ml of butanol were introduced 
and stirred at 80°C for 90 minutes to give a homogeneous solution. 
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(2) Polymerization 

The polymerization operation in Example 4 was repeated except that the magnesium chloride in n-buta- 
5 nd/decane solution stated above was used in an amount of 1 .0 mmole on the basis of a magnesium atom as 
the magnesium compound in the liquid state in Example 4 and triethyi aluminium was used in an amount of 
6.0 mmole. 

Table 1 shows the results. 

10 [Example 6] 

To a 1 -liter, pressure-resistant autoclave equipped with a stirring blade, which had preliminarily been thor- 
oughly dried and purged with propylene, was introduced 10 ml of purified toluene. Next, a solution of magne- 
sium chloride in 2-ethylhexanol/decane solution in an amount of 1.0 mmole on the bass of a magnesium atom, 

15 4.0 mmole of triisobutyl aluminum and 0.0274 mmole of ethylenebls(4,5,6,7-tetrahydroindenyl)zlrconium di- 
chloride were introduced. Additionally, after 400 ml of liquefied propylene was introduced, the temperature was 
raised to 70°C, and polymerization operations were conducted for 2 hours. After polymerization was completed, 
monomers were removed and the product was dried under reduced pressure to give a polymer. As a result, 
polypropylene was obtained in a yield of 47.9 g. The product was isotacrJc polypropylene having [mm] of 0.86 

20 based on the measurement of NMR. 

Table 1 shows the results in detail. 

[Example 7] 

25 Polymerization operations in Example 6 were repeated exceptthat isopropylidene(cyclopentadienyl)(9-flu- 
orenyl)zirconium dichloride was used in an amount of 0.0274 mmole instead of the ethylenebis(4,5,6,7-tetra- 
hydroindenyl)zirconium dichloride in Example 6, and that polymerization was conducted at 40°C. 

As a result, polypropylene was obtained in a yield of 13.1 g. The product was found to be a syndtotactic 
polypropylene having the [rr] of 0.94 based on the measurement of NMR. 

30 Table 1 shows the results in detail. 

[Example 8] 

The polymerization operations in Example 2 were repeated except that the ethylenebis(4 ( 5,6,7~tetrahy- 
35 droindenyf )zirconium dichloride in Example 2 was replaced by dimet hylsilylene<tetiamet hylcyclopentadienyiXt- 
butylamido)titanium dichloride synthesized in accordance with Example 2 in Japanese Patent Laid-Open Pub- 
lication No. 163088/1991 in an amount of 0.0209 mmole. 

Table 1 shows the results. 
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Claims 

1. A process for polymerizing olefins, which comprises contacting an a-olefin having 2-12 carbon atoms with 
a catalyst comprising the following catalyst components of (A), (B) and (C) thereby to polymerize the a- 
olefln: 

Component (A), which is a transition metal compound in the IVB group of the Periodic Table having at 
least one cyciopentadienyl group, which may be substituted or non-substituted, as a ligand; 
Component (B), which is an organoaluminum compound; and 

Component (C), which is a magnesium halide compound in a liquid state having no reducing activity. 

2. The process as claimed in claim 1, wherein the compound of Component (A) is indicated by a formula: 

(R^h-CpMRVCp^Q^n 

wherein: 

Cp represents a cyciopentadienyl group; 

R 1 and R 2 are substituent groups, which may be on a cyciopentadienyl group, and represent a hydrocarbyl 
group having 1-12 carbon atoms or a silicon group containing a hydrocarbyl group having 1-12 carbon 
atoms, wherein R 1 and R 2 may or may not be bonded to each other at their co position or their free terminus 
to form a crosslinked cyciopentadienyl ligand in which R 1 h -Cp and RVCp are bonded together; 
h and i denote independently an integer of 0 to 5; 

whereby, when R 1 or R 2 is present in plurality where h or i is 2 to 5, two of them may or may not be bonded 
at the o> position or at their free terminus to form a ring fused with cyciopentadienyl group; 
k represents an integer of 0, 1 or 2, and j represents an integer of 1 or 2; 
M represents a transition metal selected from Ti, Zr, and Hf in the IVB group; 

Q 1 and Q 2 independently represent a hydrogen atom, a hydrocarbyl group having 1-12 carbon atoms, a 
silicon-substituted hydrocarbyl group having a hydrocarbyl moiety of 1 -12 carbon atoms, a halogen atom, 
a hydrocarfoyloxy group having a hydrocarbyl moiety of 1-12 carbon atoms, or an amide group having a 
hydrocarbyl moiety of 1-12 carbon atoms, wherein Q 1 and R 1 -Cp may or may not be bonded to each other 
and Q 1 and Q 2 may or may not be bonded to each other; 

m and n represent independently an integer of 0 to 3, provided that j, k, m and n are defined as j+k+m+n 
= 4. 

3. The process as claimed in claim 2, wherein the groups R 1 h -Cp, and RVCp are selected from a cyciopen- 
tadienyl group, fluorenyl group and indenyi group, which may or may not be substituted. 

4. The process as claimed in claim 2 or 3, wherein the Component (A) is such that j+k is 2, m+n is 2 and 
the ligand (RVCp)j and the ligand (R 2 r Cp) k form crosslinked cyciopentadienyl ligands, the crosslinking 
being through a bridge -R^R 2 -. 

5. The process as claimed in claim 4, wherein the (R 1 h -Cp)| and the (R^ph form a crosslinked cyciopen- 
tadienyl ligand where the bridge for crosslinking is selected from the group consisting of isopropylidene, 
ethylene and dimethylsilylene groups. 

6. The process as claimed in claim 2 or 3, wherein the Component (A) is such that m is 1 , j is 1 , k is 0, n is 
2 and Q 1 is bonded with the ligand (R 1 h -Cp). 

7. The process as claimed in claim 6, wherein Q 1 is bonded with the ligand (RVCp) through a bridge -R 1 - 
which is a dimethylsilylene group. 

8. The process as claimed in any one of the preceding claims, wherein the organoaluminum compound of 
Component (B) has a formula: 

wherein R represents hydrocarbyl group having 1-12 carbon atoms; 

Y represents halogen, oxygen, a hydride, an alkoxyl group having 1-12 carbon atoms, or an aryloxy group 

having 6-12 carbon atoms; and 

q denotes a number defined as 0 < q £ 3. 

9. The process as claimed in claim 8, wherein the organoaluminum compound is selected from a group con- 
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sisting of trialkylaluminums, trialkenylaluminums, alkylaluminum halides, alumoxanes, alkytaluminum hy- 
drides, alkylaluminum alkoxides, and alkylaluminum phenoxides. 

5 10. The process as claimed in claim 9, wherein the organoaluminum compound is a trialkylaluminum. 

11. The process as claimed any one of the preceding claims, wherein the magnesium halide compound is 
selected from the group consisting of magnesium dihalides, alkoxymagnesium halides, and aryioxymag- 
nesium halides. 
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12. The process as claimed in claim 11, wherein the magnesium halide compound is a magnesium dihalide. 

13. The process as claimed in any one of the preceding claims, wherein the magnesium halide compound is 
solubilized by an electron donor compound selected from the group consisting of alcohols including ether 
alcohols having 1 to 8 carbon atoms, mono- or dicarboxylic acids having 6 to 8 carbon atoms, aldehydes 
having 8 to 8 carbon atoms, ethers having 2 to 12 carbon atoms, amines having 6 to 18 carbon atoms, 
phosphate esters, phosphite esters, inorganic acid esters. 

14 The process as claimed in claim 13, wherein the electron donor compound is selected from the group con- 
sisting of alcohols and ethers. 

1 5. The process as claimed in claim 1 3, wherein the electron donor is an alcohol having 4 to 1 2 carbon atoms. 
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